We estimate the sum of the ΥBB couplings using QCD Spectral Sum Rules (QSSR). Our result implies the phenomenological bound ξ ′ (vv ′ = 1) ≥ −1.04 for the slope of the Isgur-Wise function. An analytic estimate of the (physical) slope to two loops within QSSR leads to the accurate value ξ ′ (vv ′ = 1) ≃ −(1.00 ± 0.02) due to the (almost) complete cancellations between the perturbative and non-perturbative corrections at the stability points. Then, we deduce, from the present data, the improved estimate |V cb | ≃ (1.48ps/τ B ) 1/2 (37.3 ± 1.2 ± 1.4) × 10 −3 where the first error comes from the data analysis and the second one from the different model parametrizations of the Isgur-Wise function.
Introduction
With the advent of the heavy quark symmetry [1] , there has been considerable interest and progress in the understanding of the semileptonic form factors of the transition of a heavy quark into another heavy quark, as in this infinite mass limit all semileptonic form factors reduce to the single Isgur-Wise function [2] . The question is whether this result in the heavy quark infinite mass limit can be applied to the physical B and D mesons. Progress has been made for including the 1/M Q corrections. At the non-recoil point, the 1/M Q terms cancel in the form factors [3] , while for the leptonic decay constant, one expects a large 1/M Q correction as indicated by lattice [4] and QCD Spectral Sum Rules (QSSR) [5] estimates. QCD vertex sum rules have also been applied for evaluating the semi-leptonic form factors at q 2 = 0 [6] - [8] and the Isgur-Wise function at q 2 max [8] - [10] . Although the QSSR results are quite impressive and the authors [8] - [10] expect that working with the ratio of the vertex over the two-point pseudoscalar sum rules eliminates different systematic uncertainties, one should not forget that, in this derivation, certain assumptions on the choice of the QSSR scales and QCD continuum thresholds, which introduce uncertainties, have to be done. Most of these choices are based on the model discussed in Ref. [11] . More rigorous and less model dependent is the bound obtained recently by [12] , where one exploits the analyticity and the unitarity of the b-number form factor in the limit M c = M b (see also [13] , [14] ). The bound on the slope of the form factor in [12] depends on the residues and on the positions of Υ poles. The most rigorous bound comes from the normalization condition F (0) = 1 of the b-number form factor leading to
, while the inclusion of ΥBB couplings, assumed to be of order one each, leads to phenomenological bound [12] :
which is 4 times much stronger than the previous one.
The purpose of this note is to present an estimate of the ΥBB couplings which play an important role in the phenomenological derivation of the previous bounds [12] , [13] . We shall also estimate directly this slope from analytic expressions to two-loops in the QSSR approach. Then, we shall deduce an estimate of the CKM mixing angle V cb .
As theBB pairs are below the Υ(1S,2S,3S) states, there are no available data for estimating such couplings. The only experimental available information concerns the coupling of the Υ(4S) which lies above theBB threshold. From the data of its leptonic and total widths, one can deduce [12] :
where
where we have included in the definition of the current the negative sign related to the b-quark charge. In principle, the couplings of the three lightest states are unconstrained. However, using the location of the three Υ poles and the fact that the b-number form factor of the B-meson is 1 at q 2 = 0, Ref. [12] obtains the following bounds:
which, as already pointed by the authors, are quite weak compared to the one for η 4 obtained previously from the data.
QSSR estimate of the ΥBB coupling
In so doing, we consider the vertex correlator :
built with the local quark currents:
V + obeys the double dispersion relation :
where ... means polynomial subtraction constants and
For the estimate of the η Υ i couplings, we evaluate the correlator at q 2 = 0 similarly to the estimate of the form factors of the B semi-leptonic decays using vertex sum rules. We shall limit ourselves to the lowest order contribution in α s but include the non-perturbative condensate contributions in the OPE. This approximation has also given a quite good prediction in different estimates of the B and D decay form factors. So we, a priori, expect that a similar feature will hold in our analysis. The QCD expression of the three-point function has been evaluated in the literature [6] , including higher dimension condensates. Our case corresponds to putting M b = M c in this paper. Therefore, the perturbative contribution reads, to leading order in α s :
which shows that at q 2 = 0, the lowest order perturbative contribution to the spectral function vanishes. We have also checked this result from a direct evaluation of the triangle perturbative diagram. Therefore, in this case, the leading contribution comes from the light quark condensate and reads :
which is not the case of the other B decay form factors studied previously at q 2 = 0. So, from this particular feature, we (intuitively) expect that V + (0) is much smaller than the previous form factors. We parametrize the phenomenological side of the vertex by introducing the B and Υ couplings via:
and we insert the intermediate states in (7) . Using the definition of the ΥBB coupling in (2), we have at q 2 = 0:
If one uses the quark hadron (semi)local duality picture by simply equating the phenomenological and QCD sides of the vertex, one obtains the sum rule:
Using for f B the local duality constraint [15] :
is the B continuum energy, one obtains :
The previous constraint indicates that η Υ i remains constant for M b → ∞, in agreement with the expectation from the "naïve M b counting rule":
This feature increases our confidence on the physical meaning of the constraint in (14) . Moreover, the previous constraint also indicates that the sum of couplings in (16) is almost independent of the b-quark mass as we shall check later on in the case of the J/ψ.
One can improve further the previous constraint by working with the Laplace (Borel) sum rules and by including the contribution of the quark-gluon mixed condensate g < dσ
In this way, the relativistic Laplace operator leads to the change :
where τ (resp. τ ′ ) are the sum rule variables associated to p 2 (resp. p ′2 ). For convenience and because of the symmetry of the vertex, we shall take the natural choice τ = τ ′ in our analysis. However, this choice does not have any noticeable effect in our conclusion. We use the following values of the QCD parameters [5] , [16] :
) for SU(n) f and Λ = 260±50 MeV. We give the result for η Υ i in Fig. 1 versus the sum rule variable τ . Due to the absence of the perturbative contribution in our leading order analysis, the result is insensitive to the continuum contribution. The stability in τ is reached at 0.2 GeV −2 , a value that is quite similar to the one where f B is optimal [5] . At the stability point, one obtains:
where the error is negligible (0.004), if one uses the correlated values of f B and M b . We estimate the maximal error by taking the uncorrelated values of the previous two parameters. Then, we obtain, at the order we are working, the estimate :
An improvement of this result needs an evaluation of the radiative correction to the vertex function. However, we do not expect that the higher order terms will modify the present leading order results by more than a factor 2-3, if no marginal terms break the conventional OPE or/and if there are no anomalous couplings that drastically modify the parametrization of the spectral function in (13).
The result from the simple local duality relation in (16) corresponds to the case where τ → 0. The difference between the local duality and Laplace sum rules results can indicate the possible large role of the continuum for τ → 0 which is negligible in the Laplace sum rule analysis.
We test the quality of our estimate by applying the method in the J/ψ channel where the couplings of the 3S and 4S states are also bounded experimentally to be :
As we have discussed in the case of the decay constant [15] , the simple duality constraint in (15) reproduces correctly the ratio f B /f D , though its prediction for the absolute value is inaccurate. Then, we also expect that the ratio of the coupling η i is well reproduced by (16) . It gives :
where we have used E D c ≃ 1.08 GeV [5] , [15] . A direct Laplace (Borel) sum rule estimate anologous to the one used to get (21) gives an optimization scale τ ≃ 0.8 GeV 
This result compares quite well with the previous leading order estimate from local duality sum rule in (23) and with the experimental bounds in (22) . It also indicates that the sum of couplings is almost independent of the heavy quark mass, which is manifest in the local duality constraints. This test increases further our confidence on the numbers obtained in (21) .
Moreover, our result applies if the quark structure of the vertex remains valid for this particular process but cannot be used if theBB,B * B * pairs are molecules formed by Van Der Vaals like forces. In this case a vertex sum rule approach with four-quark currents similar to the one done for the KK molecule [17] becomes more adequate.
Bound on the slope of the Isgur-Wise function
We have estimated the sum of the ΥBB couplings using a conventional vertex sum rules analysis within the quark structure of theBB meson pairs. Despite the leading order approximation that we have used for deriving the values of the couplings, we expect that our results are valid within a factor of 2-3, which is a conservative estimate of the radiative corrections not included here. A comparison of the result with the experimental bound in (2) indicates that the bound for the Υ(4S) coupling is satisfied by the sum of the couplings of the different Υ states. In order to see the effects of our results for the bound on the slope of the Isgur-Wise function as derived in [12] , we shall consider the following different scenarios on the strength of each coupling given the constraint in (19) for the sum: The first scenario, which seems to be the most plausible phenomenologically, due to the experimental suppression of the electronic widths of the 2S and 3S states, is the one where the coupling of the 1S state is much larger than the previous ones (vector meson dominance) (first row in the tables). The second and third scenarios (second and third rows) are the ones where the absolute values of the couplings are equal, with also the possibility to have a cancellation between the couplings of the 2S and 3S. The fourth possibility (fourth row) is the one where the coupling of the 3S almost saturates the experimental bound for the 4S given in (1) . The one of the 2S is assumed to be about the meson mass squared ratio (M 3 /M 2 ) 2 times the one of the 2S.
The upper and lower bounds on the slope of the b-number form factor are given in these tables [18] . One can notice that increasing the sum of couplings by a factor 3 only affects the bounds by 15%. From the tables, one can deduce the conservative phenomenological bounds for the slope of the b-number form factor:
The lower bound is comparable with and even slightly stronger than the conservative bound in (1) given by Ref. [12] , while the upper bound is weaker than the Bjorken bound of -1/4 [19] . Using its relation with the slope of the IW function ξ ′ [20] :
we can deduce the conservative lower bound: Table 2 : The same as in Table 1 but
The previous results question the accuracy of the experimental domain [21] :
obtained after extrapolating the data until the non-recoil point. Our results also indicate that the smallness of the sum of the ΥBB couplings, and presumably, of each individual coupling derived in this paper, raises again some doubts on the accuracy of existing models and methods used for determining the mixing angle V cb .
QSSR estimate of the slope of the IW function
In view of the former result, let us estimate ξ ′ (1) analytically, using QSSR in the Heavy Quark Effective Theory (HQET). In so doing, we work as [8] - [10] , with the ratio of vertex over two-point function sum rules to two loops within the continuum model of [11] . Using the expressions in [9] , [10] , we can deduce the compact analytical expression of the physical Isgur-Wise function:
with:
where:
and:
We shall use in our numerical analysis the value: ω c ≃ (3.0 ± 0.5) GeV with a generous error compared to the true error of 0.1 [5] , [15] . We leave τ as a free parameter, which we shall fix from a variational method. The slope ξ ′ (1) is the value of the first derivative of the IW function with respect to y at y = 1, which we can deduce analytically from the previous sum-rule expression of ξ phys . Then, its expression reads:
We optimize this previous sum rule for ξ ′ using a variational method. The stability of the result is reached for τ −1 ≃ 1.7 GeV (which is about the characteristic scale of the b into c transition), while the result is very stable (less than 2% change) for a larger range of τ −1 between 1.25 and 2.5 GeV. An analogous stability is also obtained by moving ω c in the range between 2.7 GeV (starting of τ stability) to 3.5 GeV. We also notice that there is an almost complete cancellation between the perturbative radiative and non-perturbative corrections where each strength does not exceed 4%. This feature leads to the accurate estimate: ξ ′ (1) ≃ −(1.00 ± 0.02).
We can multiply the previous error by a factor two in order to add a conservative systematic error inherent in the method and in the continuum model. This value differs from the previous result in [9] deduced from a numerical polynomial two-parameter fit of the Isgur-Wise function, where the errors given there are quite doubtful. Our result satisfies the bound derived previously and the one of [12] .
Improved estimate of V cb
As an application of our result, let us estimate the mixing angle V cb by using the ARGUS [21] and CLEO [22] data on ξ(y)×V cb . We shall use in our numerical analysis the following parametrizations:
The two former are in line of the Taylor expansion used for y around 1. The third is the pole parametrization and the fourth is based on overlap integrals of meson wave functions in a harmonic oscillator model. We shall normalize our result with the world average τ B ≃ (1.48 ± 0.10) ps of the B-lifetime given in [23]:
Given the previous value of the slope in (35), we determine V cb from each data point and then, we make a weighted average of the different results. From B 0 → D * − lν, we obtain in units of 10 3 :
while from B − → D * 0 lν, we obtain in units of 10 3 :
Our results are the average of the ones from the previous alternative parametrizations of ξ in (36). The last two parametrizations give almost the same results of V cb . The errors given there are the largest ones from each parametrization and are only due to the data. The choice of the parametrizations induces an extra error of 1.4. Theoretical errors induced by the ones of the slope are negligible. We take the average of previous results in (38) and (39).Then, we obtain the final best estimate:
where we the first error comes from the data. while the second one is due to the different choices of parametrizations used in the literature. We consider this result as a noticeable improvement over the existing estimate of V cb (see e.g.
[23], [24] ) thanks to a better control of the value of the slope from the QSSR estimate in (35). This result also agrees with the lesser accurate estimate (after rescaling the lifetime used in [7] ) from the B into D,D * semi-leptonic decays within a QSSR estimate of the form factors at zero momentum, where finite corrections due to the c and b quark masses have been taken into account.
Moreover, a model-independent result from the phenomenological de Rafael-Taron-like bound in (27) gives:
|Ṽ cb | ≤ 38.9 × 10 −3 ,
which is enough strong for eliminating some results given in the literature.
Conclusions
We have estimated in Eq. (21) http://arXiv.org/ps/hep-ph/9403253v1
